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Description of the testing environment 
All measurements were carried out in a plastic lined canal. The canal was U-shaped with a total 
length of 47m. Canal banks sloped at 45 degrees giving average width of 4.5m. Water depth was 
0.7 m. The total water volume in the canal was 150m3. 

The degassing tower was positioned on a transom spanning the width of the pond at one end of 
the canal, and pumps delivering water to the degasser positioned at the opposite end of the 
canal (see Appendix 1). The degassing device tested was the double wheel system alone 
(designated “double wheel”), or the double wheel system with a single wheel system fitted on 
top (designated “stacked configuration”) (see Appendix 2). The hydraulic loading surface area is 
1 m2 for both configurations.  Water was delivered to the degasser from 2 submerged pumps 
(DRG 300/4/80 G0ET5, Zenit, Italy) providing a total flow of 60 L/s for the double wheel 
configuration or 50 L/s for the stacked configuration.  

Degassing trials were conducted in freshwater and in full strength seawater. All trials were 
conducted at 15-17°C. 

Carbon dioxide was added to the water through an array of ceramic diffusors. During addition of 
CO2 water flow to the degasser was bypassed to allow mixing in the pond. Once CO2 
concentrations in the pond exceeded 30 mg/L inflowing gas was turned off. To avoid any plug-
flow of CO2, the water was circulated for 1 hour before degassing began. 

Sampling and measurement 
CO2 measurements were performed using a portable CO2 meter (Oxyguard, Denmark). Water 
samples were collected from near the pump intake and at the outflow of the degasser. Samples 
were transferred to a measurement beaker with integrated stirrer supplied with the instrument. 
The reading from the meter was considered stable when it did not change during a 90 second 
wait period.  

CO2 removal is calculated based on a single pass of water through the degasser, as either 
efficiency or net removal:  

Net removal (mg CO2 / L) = [CO2] inflow – [CO2] outflow 

Efficiency (% removal) = ([CO2] inflow – [CO2] outflow) / [CO2] inflow  

Measurements were not corrected for any changes in carbonate speciation that may have 
occurred as a result of changes in pH from degassing. Degassing performance was calculated 
from 25 mg / L down to < 5 mg / L. 

For energy calculations a minimum required lift height of 1000mm was applied for the double 
wheel and 1700mm for the stacked configuration. Energy requirements only consider lift height, 
not pipe diameter, frictional losses, fittings, motor efficiency, or pumping efficiency. 

ΔEP (J) = ρ × Q × g × h, 

Where ρ is density of water (freshwater = 1, seawater = 1.03), Q is flowrate (m3/h), g is gravity 
(9.82 m/s2) and h is lifting height. 1W = 3600J. 

An energy requirement of 0.6 kWh for an air blower was added to pumping costs. 
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Degassing – double wheel, freshwater 
Net removal showed a linear correlation with [CO2] inflow (Figure 1A), that could best be 
described as 

Net removal (mg CO2 / L) = 0.553 × [CO2] inflow – 1.558 (r2=0.975), 

Where 1.558 mg CO2 / L represents the lower inflow concentration at or below which there is no 
degassing.  

Removal efficiency showed a curvilinear correlation with inflowing [CO2] (Figure 1B). At 
concentrations between 15 – 25 mg / L average removal efficiency was 47%, 40% at 10 mg CO2 / 
L, and 26% at 6 mg CO2 / L. 

[CO2] inflow SCTR SDE SDE 
mg/L kg CO2 / h kg CO2 / kWh kWh / kg CO2   

25 3.07 2.39 0.54 
20 2.38 1.85 0.69 
15 1.68 1.31 0.98 
10 0.99 0.77 1.65 
5 0.30 0.24 5.45 

Table 1. Standardized CO2 transfer rate (SCTR) expressed as kg CO2 removed per hour and standardized degassing 
efficiency (SDE) expressed as kg CO2 per kWh and kWh per kg CO2, at a lift height of 1.0 m, a hydraulic loading of 250 
m3/m2/h, and a calculated theoretical energy requirement of 1.16 kWh for air and water (pump efficiency, motor 
efficiency, and other head losses not considered).  

 

Degassing – stacked configuration, freshwater 
Net removal showed a linear correlation with [CO2] inflow (Figure 2A), that could best be 
described as 

Net removal (mg CO2 / L) = 0.648 × [CO2] inflow – 0.955 (r2=0.993), 

Where 0.955 mg CO2 / L represents the lower inflow concentration at or below which there is no 
degassing.  

Removal efficiency showed a curvilinear correlation with inflowing [CO2] (Figure 2B). At 
concentrations between 20 – 25 mg / L average removal efficiency was 61%, 57% at 15 mg CO2 / 
L, 54% at 10 mg CO2 / L, and 46% at 5 mg CO2 / L. 

[CO2] inflow SCTR SDE SDE 
mg/L kg CO2 / h kg CO2 / kWh kWh / kg CO2   

25 3.81 2.07 0.46 
20 3.00 1.71 0.59 
15 2.19 1.25 0.80 
10 1.38 0.79 1.27 
5 0.57 0.32 3.08 

Table 2. Standardized CO2 transfer rate (SCTR) expressed as kg CO2 removed per hour and standardized degassing 
efficiency (SDE) expressed as kg CO2 per kWh and kWh per kg CO2, at a lift height of 1.7 m, a hydraulic loading of 250 
m3/m2/h, and a calculated theoretical energy requirement of 1.84 kWh for air and water (pump efficiency, motor 
efficiency, and other head losses not considered).  
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Degassing – double wheel, seawater 
Net removal showed a linear correlation with [CO2] inflow (Figure 3A), that could best be 
described as 

Net removal (mg CO2 / L) = 0.557 × [CO2] inflow – 1.660 (r2=0.985), 

Where 1.660 mg CO2 / L represents the lower inflow concentration at or below which there is no 
degassing.  

Removal efficiency showed a curvilinear correlation with inflowing [CO2] (Figure 3B). At 
concentrations of 25 mg / L average removal efficiency was 51%, 43% between 15-20 mg CO2 / 
L, 34% at 10 mg CO2 / L, and 28% at 5 mg CO2 / L. 

[CO2] inflow SCTR SDE SDE 
mg/L kg CO2 / h kg CO2 / kWh kWh / kg CO2   

25 3.07 2.35 0.42 
20 2.37 1.82 0.55 
15 1.67 1.29 0.78 
10 0.98 0.75 1.33 
5 0.28 0.22 4.63 

Table 3. Standardized CO2 transfer rate (SCTR) expressed as kg CO2 removed hour and standardized degassing 
efficiency (SDE) expressed as kg CO2 per kWh and kWh per kg CO2, at a lift height of 1.0 m, a hydraulic loading of 250 
m3/m2/h, and a calculated theoretical energy requirement of 1.19 kWh for air and water (pump efficiency, motor 
efficiency, and other head losses not considered).  

 

Degassing – stacked configuration, seawater 
Net removal showed a linear correlation with [CO2] inflow (Figure 4A), that could best be 
described as 

Net removal (mg CO2 / L) = 0.657 × [CO2] inflow – 1.083 (r2=0.992), 

Where 1.083 mg CO2 / L represents the lower inflow concentration at or below which there is no 
degassing.  

Removal efficiency showed a curvilinear correlation with inflowing [CO2] (Figure 4B). At 
concentrations between 15 – 25 mg / L average removal efficiency was 60%, 52% at 10 mg CO2 / 
L, and 47% at 5 mg CO2 / L. 

[CO2] inflow SCTR SDE SDE 
mg/L kg CO2 / h kg CO2 / kWh kWh / kg CO2   

25 3.84 2.14 0.47 
20 3.01 1.68 0.60 
15 2.19 1.22 0.82 
10 1.37 0.76 1.31 
5 0.55 0.31 3.26 

Table 4. Standardized CO2 transfer rate (SCTR) expressed as kg CO2 removed per hour and standardized degassing 
efficiency (SDE) expressed as kg CO2 per kWh and kWh per kg CO2, at a lift height of 1.7 m, a hydraulic loading of 250 
m3/m2/h, and a calculated theoretical energy requirement of 1.89 kWh for air and water (pump efficiency, motor 
efficiency, and other head losses not considered).  
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Figure 1A 
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Figure 1B 
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Figure 2A 
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Figure 2B 
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Figure 3A 
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Figure 3B 

 

  

Fi
gu

re
 3

B.
 S

in
gl

e 
pa

ss
 C

O
2 r

em
ov

al
 e

ffi
ci

en
cy

 (%
) i

n 
re

la
tio

n 
to

 in
flo

w
in

g 
C

O
2 c

on
ce

nt
ra

tio
n 

in
 th

e 
do

ub
le

 w
he

el
 ro

ta
tin

g 
w

he
el

 tr
ic

kl
in

g 
de

ga
ss

er
 o

pe
ra

te
d 

in
 

se
aw

at
er

 (S
W

) a
t a

 w
at

er
 te

m
pe

ra
tu

re
 o

f 1
5-

17
°C

, a
nd

 a
 w

at
er

 fl
ow

 ra
te

 o
f 6

0 
L/

s/
m

2 
 (h

yd
ra

ul
ic

 lo
ad

in
g 

= 
21

6 
m

3 /m
2 /h

), 
at

 a
 g

as
:li

qu
id

 ra
tio

 o
f 4

:1
. m

2 /h
). 

Al
l i

nd
iv

id
ua

l 
da

ta
 p

oi
nt

s 
fro

m
 th

e 
pe

rfo
rm

ed
 s

er
ie

s 
ar

e 
pr

es
en

te
d 

(o
pe

n 
tr

ia
ng

le
s)

, i
n 

ad
di

tio
n 

to
 a

ve
ra

ge
 v

al
ue

s 
ca

lc
ul

at
ed

 a
s 

th
e 

av
er

ag
e 

(s
ol

id
 c

irc
le

s 
± 

st
an

da
rd

 e
rr

or
) f

or
 e

ac
h 

5 
m

g/
L 

in
cr

em
en

t i
n 

in
flo

w
 c

on
ce

nt
ra

tio
n 

(i.
e.

 fr
om

 2
.5

 –
 7

.5
 m

g/
L;

 7
.5

 –
 1

2.
5 

m
g/

L,
 e

tc
.).

 S
ee

 te
xt

 fo
r d

et
ai

ls
. 



12 
 

Figure 4A 
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Figure 4B 
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